To understand the functional roles of microorganisms in aquaculture, the interaction between the microalga Nannochloropsis oculata and the ciliate Euplotes sp., which occurs in mass culturing of the rotifer Brachionusplicatilis, was examined. We carried out culture experiments of Euplotes sp. initially inoculated at densities of 1 cell/drop 0.15ml, 30 cells ml-1, and 400 cells ml-1. Euplotes sp. were fe dietary bacteria together with N, oculata (initial density; 1x107 cells ml-1), the algal culture filtrate, or no algae (control experiment). N. oculata at a density of 1x107 cells ml-1 or more clearly suppressed the growth of Euplotes sp. in all experiments. The final yields were 20-49% of the controls. However, the culture filtrate of N. oculata did not suppress the growth of Euplotes sp. On the contrary, the co-existence of increased Euplotes sp. of ca. 1000 cells ml-1 or more distinctly caused the algae to aggregate, and inhibited the algal growth by 80% of the final densities. Consequently, antagonistic interactions, appearing to be density-dependent, were found to occur between these microbes. To our knowledge, this is the first report on the anti-ciliate activity of the algae.
The ciliate genus Euplotes classified by Corliss4) consists of cosmopolitan, benthic species of ciliates and is widely distributed in estuarine and tidal marsh environments4,11). Also, Euplotes often appears in mass culturing of a rotifer Brachionus plicatilis, an effective aquacultural food for fish and crustacean larvae16). We previously reported that the Euplotes sp. isolated from a mass culture of the rotifer grew well by feeding on microbial prey which rotifers also prefer. However, Euplotes did not ingest active cells of microalgae Nannochloropsis oculata (Droop) Hibberd10), mass-cultured for rearing rotifers. Euplotes sp. ingested N. oculata only when the algal cells were inactive27). The specific growth rate of Euplotes sp.
was significantly reduced when it was cultured with active cells of N. oculata. From these findings, we speculated that N. oculata has antagonistic effect on Euplotes sp.
In aquatic environments, antialgal13,22), and antimicrobial (antibacterial, antifungal or antiviral) activities of algae have been studied extensively2, 3, 6, 7, 18, 21, 25) . Ecological studies have also suggested that some microalgae produce herbivore deterrents against zooplankton (Daphnia spp) 19, 24) . However, to our knowledge, no previous study has examined anti-ciliate activity of microalgae. * Corresponding author; E -mail: MJUSHILO@aol.com In this study, to clarify antagonistic interactions between algae (N. oculata) and ciliates (Euplotes sp.),
we examined the growth of N, oculata and Euplotes sp. Consequently, we found two-way antagonistic interactions, appearing to be density-dependent, between these microorganisms.
Materials and Methods

Experimental organisms
The algae Nannochloropsis oculata (Eustigmatophyceae) and Euplotes sp. were the same strains as those used in our previous study27 
Culture experiments
We conducted three culture experiments (Exp. I, II, and III) as outlined in Table 1 .
Experiment I Aliquots (0.15 ml) of each medium were placed at the center of 24 circular rims on a lid of tissue culture plate (polystyrene, 16mm well diameter, Corning Glass Works)27). Euplotes sp. were individually inoculated into each aliquot of medium under a stereomicroscope using a capillary pipette. The increase in medium volume by inoculation was up to 10% of the initial volume. The plates were incubated at 250C in a transparent, sealed wet box lighted from the bottom at 5,000 lux (12 light: 12 dark photoperiod). Euplotes sp. was counted daily during the culture period of 4 days.
Experiment II
Flat-bottom flasks were filled with the medium (100 ml) and Euplotes sp. was inoculated at a density of 30 (P<0.01 and P<0.05, respectively); however, the difference in cell number between BF and B was not significant (P=0.15). In Exp. II, the density of Euplotes sp. in all the cultures increased about 2 fold during the initial 4 days (Fig. 1) . After that, the density of Euplotes increased slightly in B and BF, whereas the density decreased to-35 cells ml-1 on day 9 in the culture with algae (BN) (Fig. 1) . Analysis showed that the mean densities of Euplotes sp. with the presence of algae (BN) were significantly lower than those in control (B) between day 7 and day 9 (P<0.001, Table 2 ). The Euplotes densities in BF1 and BF2 were significantly higher than those in B1 on day 5-9, and on days 5 and 6, respectively ( Table 2) .
In Exp. III, the population densities of Euplotes sp. in the control (B 1 and B2) rapidly increased to peak (3, 594+537 cells ml-1 in B1 and 6,672+307 cells ml-1 in B2) on day 9 (Fig. 1) . In contrast, the densities in BN1 and BN2 only reached 842+192 and 1,184+245 cells ml-1 (mean+SD) on the final day, respectively (Fig. 1) , the mean of which was only 20% that of B1 and B2. Analysis also showed that the mean densities of the former were significantly lower than those of the latter throughout the experiment (p<0.001).
Effects of Euplotes sp. on the growth of N. oculata
The number of N. oculata in Exp. II increased rapidly in BN1 and BN2 to peak at (6.02+1. 374)x 10' and (5.98+0.760)x107 cells ml-1(mean+SD) on day 9, respectively ( Fig. 2) . On the other hand, the population size of N. oculata in Exp. III (BN1 and BN2) did not increase markedly, and was limited to a density of (2.19+0.280)x107 and (0.165+0.0784)x 107 cells ml-1(mean+SD) on day 9, respectively ( Fig.  2) , the mean of which was only 20% that in Exp. II. The densities of N. oculata in Exp. III were significantly lower than those in Exp. II after day 5 (P<0.001, Table 3 , Fig. 2 ). We observed conspicuous aggregation and attachment of many cells of N. oculata to the inside surface of flasks in Exp. III alone. N. oculata became greenish white (chlorosis) during the latter half, particularly in BN2.
Discussion
Antagonism on Euplotes sp. by N. oculata
In each experiment we found that N. oculata at high density (1x107 cells ml-1) depressed the growth of the ciliate Euplotes sp. To our knowledge, this is the first report on the anti-ciliate activity of this algae. There Table 3 . Significance levels by the Student's t-test of the null hypothesis indicate that mean numbers of Nannochloropsis oculata in culture flasks of Experiment II and III are the same. (Asterisks **, P<0.01; ***, P<0.001; NS, not significant; 1 and 2, flask 1 and 2, respectively, containing both Euplotes sp. and N. oculata; (II) and (III), Experiment II and III, respectively.) ture of N. oculata, a positive growth correlation between N. oculata and an indigenous total bacteria was shown (data not shown), suggesting that N. oculata has possibly low or no antibacterial activity. Moreover, we previously reported that the presence of N. oculata significantly suppressed the growth of Euplotes sp. supplying no dietary bacteria27). The third hypothesis is probably negated by the results of Exp. I. N. oculata sank to the bottom, forming a thin layer on the plate. Euplotes sp. could have ingested the motile Pseudomonas over the algal layer to grow without mechanical interference of the algal cells. However, Euplotes sp. did not reproduce. These results suggest that factors other than mechanical interference of algal cells inhibited the growth of Euplotes sp. Hence, the difficulty in accepting the second and third hypotheses leads us to accept the first; that active N. oculata may produce an anticiliate substance.
On the other hand, the culture filtrate of N. oculata cells in the log phase did not inhibit the growth of Euplotes (Fig. 1) . The substance is presumably not an endotoxin, but a lipophilic and non-diffusing toxin1,15) fixed to the algal surface since the growth of Euplotes sp. was inhibited without ingesting N. oculata27). Or, the substance in the filtrate is possibly labile. The next question is why the antagonistic effect of N. oculata on the growth of Euplotes sp. in the initial period of the culture was not significantly detected in Exp. I and II, but only in Exp. III containing Euplotes at high densities ( Fig. 1 and 2 , and Table 2 ). The findings suggest that N. oculata may need much contact or recognition of Euplotes sp. to inhibit the growth of it.
At a low density of 8x105 cells ml-1 N. oculata, Hagiwara et al.8) reported that Euplotes sp. multiplied in the medium of active N. oculata at a considerably high growth rate without supplied bacteria (timax-ca. 1.1 day-1, calculated from their data). The interaction between N. oculata at low densities and Euplotes sp. needs further study. Mancini et al. 17) suggested that marine algae, particularly diatoms, exert an antibiotic effect when their densities exceed a value of 106 cells ml-1. Concerning our tested microbes, however, we can not conclude that the inhibitory activity was absolutely density-dependent because we have not yet confirmed whether the total antagonistic activity of microbial cells in a population is exerted proportional or exponential to the density, or with its threshold. This presents an interesting subject from the viewpoint of cellular activity and density effect.
In rotifer culture, Euplotes is considered to be a forceful competitor for nutritional microbes, e. g. bacteria which produce essential vitamin B12 for rotifer growth27). Furthermore, the increased Euplotes density to-1x103 cells ml-1 causes N. oculata to aggregate, which possibly prevents the rotifer from ingesting these aggregations because they are larger than the mouth of the rotifer. Hence, proliferation of the contaminated Euplotes should be suppressed in the stable culture of rotifers. Active N. oculata supplied at high density of-1x107 cells ml-1 will be effective in suppressing the growth of Euplotes sp.
In our study, despite the same conditions of preculture for Euplotes sp., its growth in medium B of Exp. II was clearly lower than that of Exp. I and III. This difference in growth seems not to be caused by the density differences of the Euplotes, but rather by unknown factors in the unsimultaneous experiments. For a more detailed study, we should 
